The vegetation of Tasmania is complex and much of it is in a state of disclimax. At the time of European setdement, the proportion of non-forest open vegetation was 37%, about 5% of this at high altitudes. In the present interglacial climate, in regions of high rainfall, where rainforest dominance might be expected, approximately 45% carries sedgeland, grassland, shrub communities and wet sclerophyll forest. Similarly, drier areas car ry extensive grassland, sedgeland and heath, instead of d ry eucalypt forest. This complexity of distribution and disc1imax can be attributed to fire disturbance. Fire not only produces a successional mosaic but, through Ecological Drift, causes extinction of communities. This level of displacement appears to demand a timespan of human-induced fire sufficiently long to affect soil fertility. A palaeontological record of the last five glacial cycles has been analysed from the Darwin Crater in western Tasmania and compared with that from the Chatham Rise, New Zealand. These show parallel behaviour in the proportions of forest and non-forest communities in the earlier cycles. However, the Tasmanian record shows a marked divergence during the Last Glacial cycle, with a two fold increase in open vegetation relative to closed forest. Eucalypt forest increases relative to rainforest, and charcoal increases relative to woody vegetation. These changes occur through a variety of climates, including full glacial and optimum interglacial, but are not apparent in the New Zealand core, making it difficult to attribute them to a climatic cause. In the Tasmanian vegetation, they can be explained by an increase in fire frequency, due to human activity. Since their onset occurs in isotopic oxygen stage 4 and continues in the differing climates thereafter, it may be inferred that the 14 C dates of the earliest evidence of occupation by the Aborigines are gross underestimates. A date of about 70 000 yrs BP is more likely. It appears that, when using 14 C methodology, such underestimation for dates beyond 30 000 yrs BP is to be expected in palaeosamples from western Tasmania.
INTRODUCTION

The Aborigines
Anthropological research shows that the Aborigines have occupied Tasmania since the Late Pleistocene. Rock shelter and cave sites, predominantly in limestone valleys across western and southern Tasmania, show occupation dating from 34 ka to about 12 ka (Cosgrove 1995: fig. 16 ). During this period of largely cool interstadial to cold glacial climates, the present eastern half of Tasmania was apparently too d ry for Aboriginal food resources, although the now submerged continental shelf would probably have been extensively utilised. The precipitation of most of eastern Tasmania during the Last Glaciation has been estimated to have been 60% drier than the present 500-850 mmyr-1 (Markgraf et al. 1986) . Palaeontological and pedological evidence shows most of the eastern region to have had a d ry -cold desert vegetation of Asteraceae-Chenopodiaceae shrub steppe, with few trees, shifting sand dunes and d ry watercourses (Bowden 1983 , Sigleo & Colhoun 1981 , Colhoun 1977 , Nicolls 1958 . In contrast to the lack of evidence for Aboriginal occupation of the eastern region before 12 ka, chis region shows abundant evidence of extensive use from early in the Holocene up to the time of European settlement. However, the sites previously occupied in the western region were abandoned and not reoccupied after the beginning of the Holocene.
It appears that the Aboriginal population was not large. Estimates range from one to several thousand (Ling-Roth 1899 : 113, Milligan 1858 . Most estimates were probably exaggerated because the Europeans only had contact with the Aborigines in the east and on the coasts, where their population was densest.
The information gathered early in European settlement indicated that small family groups operated independently, hunting and food gathering in a truly nomadic fashion with extensive home ranges of about 70 km (La Billardiere 1800, Ling-Roth 1899). While on the move, they carried fire in the form of smouldering decayed wood or fungus (Ling-Roth 1899; see pl. 1). As a consequence, the vegetation was frequently ignited by accidentally dropped embers.
The Aborigines used fire extensively as a tool, to advertise their presence to others, to flush animals out of cover, to combat enemies and to systematically burn patches of vegetation in a controlled manner to create "green pick" grazing for herbivores, thus ensuring future hunting success. Wet closed forests provided few resources and were avoided, although some so-called "native roads" through forest (Robinson in Plomley 1966) were kept open to provide access to hunting grounds. As a consequence of its extensive forested regions, western Tasmania, apart from the coastal fringes, received little use by the Aborigines during the Holocene, and the large expanse of sedgeland in the inland southwest was also sparingly utilised, presumably because of the low animal productivity.
The Environment
General short descriptions of the Tasmanian environment are available Qackson 1981a, 19986) . The factors which control the interactions of fire and vegetation may differ from those pertaining to mainland Australia and, therefore, are described here.
The climate of Tasmania is dominated by its position at latitude 40°-43°S on the northern edge of the southern zonal wind system, the Roaring Forties. Since only about PLATE 1 A Tasmanian Aborigine holding a fire stick (after Bock) (Ling-Roth 1899) 40/0 of the Earth's surface at this latitude is the lack of continentality provides a strong and manne influence. By Northern Hemisphere the seasons are merely an alternation of extended spring and autumn. As a result of the strong westerly bias in the wind impinging on the mountainous terrain in the western and northeastern regions (which present altitudes of 900-1500 m), there is a strong gradient in precipitation from 1500-3000 mmyrl in the west to <500-850 mmyrl in the east ( fig. 1 ). Reliability is high in the west, deviating only <10-14% from the mean average, while in the eastern half deviations of 16->20% are found (Scott 1956 ). Due to the seasonal movement of the belt of zonal wind, the northwestern quarter tends to partially escape this in summer-autumn, so that a two-season dry, two-season wet pattern develops, with about 500/0 of the seasonal divergence common to southeastern Australia. In the southwestern quarter, there is a marked movement to a uniform seasonal distribution, with only summer showing a 5% deviation Qackson 1998b).
Evapotranspiration levels in the eastern half are high, due to the windy environment and high radiation load (Nunez 1978) . The aspect effect is very strong in Tasmania, due to the latitude. Holland & Steyn (1975) estimated the difference in radiation levels between equatorial and polarfacing slopes of 30°to be equivalent to a shift of 20°in latitude. This effect contributes much to the mosaic distribution of vegetation types and the incidence of fire. Precipitation/evaporation ratios range from 4: 1 in the west to <0.5 in the east. Through the marine influence, permanent snow does not exist and snow lie is ephemeral. Extended periods of low temperature are rare, even on the considerable areas (,-,5 % ) of inland high country between 800 and 1200 m. As a result, a treeline is difficult to define at anyone altitude, and trees (especially rainforest spp.) ascend to altitudes> 1000 m, gradually assuming shrubby forms. Inverted treelines occur inland largely due to the combined influences of fire and frost. The annual weather pattern is dominated mostly by a succession of cold fronts embedded in the westerly air stream, bringing rapidly fluctuating temperature and precipitation. Fronts move rapidly, often more than 1000 km day-I, transverse to the strong pressure gradients which occur between the slow-moving cells ofhigh pressure, usually centred over middle Australia, and the rapidly moving low-pressure cells of the high 40 0 S latitudes. In summer, during February-March, when the zonal belt moves south, high-pressure cells are occasionally centred just east of Tasmania; approaching cold fronts cause highpressure gradients, bringing strong winds of very hot, dry air from inland Australia. This causes extreme fire danger conditions: maximum temperatures 37°C, relative humidity <100/0, average wind speed 50+ km hr-1 , maximum gusts >95 km hr-1 , equivalent to drought factor 9. Such conditions generally occur for one or two days each summer, usually producing a rash of forest wildfires. However, when the vegetation is already in a state of drought, very serious wildfires occur. Such recurrent drought conditions appear to be based on an II-year cycle. This pattern is disturbed by the EI Nino southern circulation effect, which appears to move the belt of zonal winds further south Qackson 1999b), reducing the strength of the westerly stream.
The incidence of fire in Tasmania is overwhelmingly due to human activity. Lightning-induced fire is rare, unlike in mainland Australia. An analysis of the wildfire records shows that the incidence of fire resulting from lightning strikes is very small (0.01-0.1 % of cases) and the area thus burnt is also comparatively small «0.01 % of the total), since rain usually accompanies electrical storms in Tasmania   The Tasmanian legacy ofman andfire  3 Qackson & Bowman 1982 , Ingles 1985 . Many fires are already burning when the extreme fire danger conditions anse. Once a forest fire in Tasmania gains a sufficient front in severe conditions, the fire storm creates strong convection updrafts, which carry burning bark and branches to high altitudes. Burning embers carried downwind create a contagion ofspot fires for distances of up to 60 km (Cheney 1981) . A detailed analysis ofpast fires based on records and on tree ages (Marsden-Smedley 1998a, b) shows that severe fires have occurred more than six times in the last 200 years. Two of these fires, in 1898/99 and 1933/34, each burnt 15 to 200/0 of the island.
VEGETATION Fire and Geological Influences
The current vegetation of Tasmania has been accurately mapped (Kirkpatrick & Dickinson 1984 , R.F.A. 1996 . Figure 2 provides a simplified version of Kirkpatrick and Dickinson's map (Duncan 1990 ). Short descriptions ofthe vegetation types were given by Jackson (1965 Jackson ( , 1981b Jackson ( , 1999a and detailed studies provided in (Reid et al 1999) .
The following notes deal with those aspects important to an appreciation of past and present effects of fire. Table 1 shows the relative areas of the major vegetation types: the proportion estimated to have existed in 1800, the proportion at present, and those for the northwestern and southwestern quarters, the average fire-free interval This denser forested region in the west was not opened up until after 1870, when mineral discoveries due to prospecting initiated extensive firing of the vegetation. Land clearing of the productive soils in the northwest occurred late in the 1800s with the use of ringbarking and fire. The present extent of cleared land (300/0) was taken mainly at the expense of eucalypt forest along the northern hinterland in the early 1900s, following very extensive wildfire in 1898/99. The proportionate differences in the distribution of vegetation types in regions is not merely a response to precipitation ( fig. 1 ). Although the eastern half is much drier and contains virtually all of the dry sclerophyll forest and most of the grassland and heaths, it has withstood the constant firing practices of the Aborigines during the Holocene remarkably well. This can be attributed to the fire-tolerant attributes of the sclerophyll species, especially the eucalypts, and to the clay-rich soils of most of the region. Sills of dolerite cap most of the topographic high points in post-Carboniferous rocks of the eastern half. The dissemination of clay-forming minerals from the dolerite by erosional forces has resulted in soils with a moderate to high cation-exchange capacity. This buffers many soils in the region against leaching losses after fire (Boerner 1982) .
Although the western half has been little utilised in the Holocene by the Aborigines, the vegetation appears to show far greater effects of modification by fire, particularly in the southwestern quarter. The considerable differences in the proportionate distributions between the southwestern and northwestern quarters (table 1), although they both receive similar precipitation levels, can be attributed to geological influences in soil genesis. While most of the western region has pre-Carboniferous rocks exposed, the elevated plateau region north of the Pieman River carries remnants of a thin Tertiary basalt cover over much of the highly quartzose Precambrian metamorphic sediments. Erosional processes have distributed the clay-forming minerals from this basalt, from the dolerite on the western fringe ofthe Central Plateau to the east, and from Cambrian volcanic exposures. As a consequence, most of the valleys here have moderately fertile soil compared to the southwest, with a cation-exchange capacity sufficiently high to resist leaching following fire. The regions with a residual basaltic cover carry krasnozem soils and support extensive forests of callidendrous, tall, closed canopy Nothofagus rainforest Oarman & Brown 1983 , Jackson 1983 . Exposures of Precambrian quartzitic sediments and some highly quartzose Cambrian sediments have infertile soils supporting implicate or broken canopy rainforest, scrub and sedgeland.
There are few sources of clay minerals in the southwest. The predominant geological exposure is ofhighly quartzose, metamorphic Precambian sediments. Smaller regions of Cambrian, Ordovician and Devonian-Silurian rocks occur in anticlines, where limestone and sandstone are often covered with quartzitic glacial till and outwash gravels.
The soils of the southwest are, in general, acid and highly organic with a low cation-exchange capacity (Maclean 1979 , Bowman et ale 1986 . Very few patches of tall, wet forest exist, reflecting the general low level of fertility. A few patches of climax callidendrous rainforest occur in the Boyd River catchment on aspects highly protected from fire, even on Cambrian quartzwacke sediments with no clay in the soil profile. It is certain that such patches have not been burnt for well over 500 years. The biomass has apparently been developed on accumulated nutrients derived from cyclic salt in the precipitation, demonstrating that the climatic climax can be achieved, albeit rarely, on extremely infertile geological substrate, provided that fire does not occur (Harwood 1972 , Jackson 1977 . Most rainforest in the southwestern quarter is implicate or broken canopy forest (Jarman & Brown 1983 , Jackson 1983 ) and demonstrates signs of fire disturbance. The wet sclerophyll forests in the southwest are predominantly Eucalyptus nitida wet mallee woodlands rather than forests. Probably only about 20% of the wet sclerophyll is tall forest occurring on fire-protected polar aspects.
The predominant vegetation in the southwest, especially on Precambrian quartzites, is a sedgeland heath dominated by Gymnoschoenus sphaerocephalus with mosaic patches of wet scrub of Leptospermum/Bauera/Agastachys on water courses and other fire-protected habitats. The soils, although highly organic muck peats, are extremely infertile, with cation-exchange capacities <20% (Maclean 1979 , Bowman et ale 1986 . The low fertility is maintained by the average short fire-free interval of25-40 years over the southwestern region.
The Disclimax State
As the vegetation map ( fig. 2 ) demonstrates, the distribution of the vegetation is a complex mosaic of community types. The almost complete dominance of all but the most alpine sites by forests, as expected on the basis of a climatic climax for such an insular climate, does not occur. In contrast with this expectation, much of Tasmania carries a Inosaic of disclimax vegetation, with extensive areas of grassland, sedgeland, heath and scrub. Also, large areas of forest dominated by eucalypts occur in environments which climatically should be the exclusive domain of rainforest.
The amount of open, non-forest land appears to be inexplicably high, given the levels of natural wildfire. The proportion of open, non-forest vegetation existing in 1800 has been estimated (table 1) by adjusting the present distribution ofvegetation types on the basis of historical records of land acquisition and clearing (Kirkpatrick et ale 1995) . 
FIG. 2 -
The vegetation) simplified after Kirkpatrick & Dickinson (1984) by Duncan (1990) .
A few regions where the vegetation is climax or nearly so show every indication of having recently reached that state; for example, the forests of the lower Florentine Valley before 1934 (Gilbert 1959 ) and the absence of old trees in closed Nothofagus forests on the Guildford Plateau Qackson 1965). These young forests generally only occur on good, productive soils and/or where their protected location limits the frequency of fires Qackson 1965). They appear to have colonised previous grassland since European settlement.
This disclimax condition is not entirely due to our present exploitive society, as it was evident before European settlement. In the absence of fire produced by humans, a very different pattern of vegetation would have existed, as the following outline suggests. In those regions where precipitation exceeds 1200 mm per annum, over 400/0 of the area, at the time of European settlement, carried disclimax vegetation such as grassland, sedgeland, heath, scrub and eucalypt forest, although most of the latter was mixed with Nothofagus (Jackson 1968 , Brown & Podger 1982a . The climax vegetation expected on all aspects and in all but the most extreme alpine habitats would be Nothofagus rainforest. This is demonstrated by the rapid capture ofPoa grassland communities on the Guildford
Plateau by Nothofagus (Jackson 1965) ; the demise ofeucalypt communities on the northeastern highlands (Jackson 1968 , Ellis 1986 ) following their rapid invasion by Nothofagus forest; the successional movements to rainforest, even on soils oflow nutritional status (Brown & Podger 1982b) ; the presence of patches of callidendrous rainforest in the upper Boyd river catchment, growing on extremely infertile Cambrian quartzwacke sediments and apparently totally dependent on cyclic salt input (Harwood 1972 , Jackson 1977 . In this hypothetical state, there would be some lightning-induced fires destroying patches of forest. However, the Nothofagus dominance in these burnt patches would return in one generation ofthe seral forest tree Acacia melanoxylon which has a lifespan of 90-11 0 years (Gilbert 1959) . Since the prevalence of lightning-induced fires is very small in Tasmania (0.60/0 incidence and 0.01 % in area in comparison with man-made fire at present -Jackson & Bowman 1982 , Ingles 1985 , the amount of disclimax vegetation would have been insignificant in the absence of mankind.
Medium rainfall regions (precipitation 800-1200 mmyr-
)
In the marginal regions of precipitation, for tall, closed wet forests, two distinct forest communities would prevail, due to the light limitation of the seedling stages of sclerophyll communities and the water limitation of rainforest regeneration (Read 1985 ,Jackson 1981c ,Jackson & Brown 1999 . Their distribution would be dictated by the very strong aspect effect (Holland & Steyn 1975) . The present intergrading ofmany vegetation types would not occur. In the absence of frequent fires, the boundaries between the Nothofagus-dominated rainforest communities on the polar aspects and the Eucaryptus-dominated sclerophyll communities on the equatorial aspects would be sharp without much intergradation. This is determined by the requirements of the seedling stages of the two communities. Sclerophyll seedlings cannot tolerate the shade cast by Nothofagus communities, and Nothofagus communities are unable to compete with eucalypts and other sclerophylls under the conditions of limited water availability on equatorial-facing aspects (Read 1985 , Jackson 1981c , Jackson & Brown 1999 . Therefore, in the absence of frequent fires, the boundaries between the communities would be sharp and the present intergrading would not occur. Since eucalypts require fire disturbance at intervals throughout their lifespan (maximum 300 years) the extensive forests of wet sclerophyll seen today in regions with precipitation 1000-1500 mm would be replaced by closed Nothofagus rainforest (Jackson 1981 b, Jackson & Brown 1968 ). The probabilistic argument ofthe Ecological Drift theory (Jackson 1968) suggests that eucalypts could not survive long-term in such conditions without manmade fire.
Low rainfall regions (precipitation < 500-850 mmyr 1 )
In the low-rainfall regions of the east, the vegetation would be an almost complete forest cover of sclerophyll. Evidence for this derives from the successional stages following fire. Eucalypts are highly adapted to fire and, in· habitats where rainforest species are restricted by the availability of water, continuous regeneration of eucalypts is always possible, due to the availability of light for seedling growth (Read 1985) . A number of species have evolved within the genus, each having a competitive advantage in particular environmental niches of water availability, drainage, nutrition, frost etc. (Reid & Potts 1999) . For example, the savannah grasslands of the Midlands region were clearly a product of burning practices by the Aborigines (Fensham 1989) . Extensive regions on both margins ofthese communities have been captured by pole stands of open eucalypt forest since European settlement (Duncan 1990 , Jackson & Brown 1999 . Frost and grazing pressures slow the encroach of forest, but it is clear from the relationship of forest type to the dryness index that forest will prevail (Nunez 1978) . Narrow corridors of rainforest communities would exist in gullies and in very protected polar-facing aspects, largely dominated by Atherosperma, although some areas of Nothofagus dominance would occur. For example, a number of patches of rainforest occur in regions of Tasmania with annual precipitation less than 800 mm. All are on fire-protected southeastern aspects, such as Kempton Tier (annual precipitation P = 505 mm), Dromedary (P = 665), Maria Island (P = 656) and Lake Leake (P = 800).
Extensive gully communities of Olearia and Bedfordia would extend to the coastal fringe (Jackson 1983) . The general cover in the areas with rainfalls less than about 800 mm would be eucalypt forest, which would be far more uniform than at present in terms of species distribution and age structure. With very low fire-frequencies, none ofthe present patchwork of open or semi-open communities, such as heath, sedgeland and grassland savannah, would exist. The present survival of heaths is due to the high rate of firing in these communities (Jackson 1968 
Open areas
The open grassland savannah of the Midlands and other larger valley systems was a product of high fire-frequency imposed by the Aborigines (Jackson 1965 , Fensham 1989 , as was the higher altitude grassland on the MiddlesexHampshire and Mathinna plains. It is incorrect to attribute the openness of these and other areas to European development (Jackson 1965 , 1981a , Bowman & Brown 1986 , Ellis 1986 ). Hellyer in 1827, reporting on the country around Valentines Peak (Bishoff 1832) , stated:
The Tasmanian   ofman   7 Fine open country to NE and SW -grassy hills and knolls 1000-1500 acres in a patch and without a tree except for a few clumps of Blackwood kangaroo were here in abundance as in every part of the country about proceeding SW passed through excellent country consisting of gently rising, dry grassy hills. On the following day walked over many considerable hills the grass of which had recently been burned by the natives.
ECOLOGICAL DRIFT
It has previously been argued Gackson 1968) that the disclimax state of the vegetation is the product of a long history ofrecurrent fire produced by human activity. Jackson proposed that • complex interactions between vegetation, soil and fire vie with climate in controlling the genesis of both soil and vegetation (fig. 3B );
• variation in the interval between two successive fires, by interruption ofregenerative processes described by Noble & Slatyer (1981) as a disruption of the flow ofvital attributes, could produce sudden changes in the type of vegetation;
• each community type has a statisticallyvariable distribution ofthe fire-free interval, ranging in central tendency, variance and skewness; • reproductive cycles of characteristic species could be terminated by fires at large deviations from the central tendency.
The continuance or otherwise of mixed forest (Gilbert 1959) , where an open stratum of tall, wet sclerophyll eucalypts stands over a closed canopy of rainforest, will illustrate these processes.
The first fire kills all trees. Both eucalypts and rainforest regenerate from seed. The original eucalypt regeneration reproduces after about 20 years.
(1) If the second fire occurs before about 20 years, all trees are eliminated and the forest is replaced by seral open vegetation of herbs, sedges and ferns. (2) If the second fire occurs between 20 and 40 years, rainforest species will be eliminated and the mixed forest reverts to wet sclerophyll forest. (3) Fire after the rainforest has matured regenerates mixed forest. (4) If the period between the two fires exceeds about 350 years, the eucalypts will be eliminated, because eucalypt seedlings cannot survive in the low light intensity under the rainforest canopy. As a result, the mixed forest is converted to pure rainforest.
The process was termed "Ecological Drift" because of its similarity to genetic drift. Empirical distributions for the probability of the fire-free interval for the various types of vegetation were determined by the assessment of plant age on a large number of sites. These are shown in figure 3A with the projected drift movements. The process of drift is reversed by normal successional processes. However, there are obvious trends towards communities with vegetative means of reproduction, which can tolerate short fire-free intervals. These can increase the probability of "sinks", if soil fertility is also decreased by leaching or volatile loss after fire.
It is not possible to show experimentally the validity of the Drift argument. The boundaries between vegetation types at present seem remarkably stable. Even after extensive VV .I....~... J, ... '-', most communities re-established on their original habitat with but minor boundary changes. The apparent stability of these boundaries led Mount (1979 Mount ( , 1982 to propose a theory of "Stable Fire Cycles". In contrast to the Ecological Drift concept, the Stable Fire Cycle theory assumes that the incidence of fire in a community is almost constant, because it is dependent on the particular rate of fuel accumulation of the community (table 1), and that the possibility of ignition is almost constant. The incidence then depends on sufficient fuel accumulation.
Much debate has taken place regarding the relative validity of the two theories (Macphail 1980 (Brown & Podger 1982a , c, Podger et al 1989 .
The Ecological Drift paper Gackson 1968) was written when the accepted period ofhuman occupation ofTasmania was 10-12 k yrs. The present history of occupation, extending to at least 34 ka (Cosgrove 1995: fig. 16 ), makes the Drift argument more credible. However, because of the apparent static nature of the community boundaries at present, it is still difficult to understand how such extensive areas of disclimax vegetation could arise in even 34 k yrs. Changes to the physical structure of the soil and its fertility seem even less likely to have occurred within this timespan.
GEOLOGICAL EVIDENCE Palaeoclimates
The past oscillating sequences of climates during the Quaternary (Colhoun & Fitzsimons 1990 , Kiernan 1989 , Jackson 1999c ) have resulted in corresponding sequences of vegetation change, as treelines shifted up and down 1000 m in altitude, and cold, arid shrub steppe-grasslands alternated with humid forests (Macphail 1979 , Kirkpatrick 1986 , Jackson 1999c . It is apparent that the altitude range and rugged topography, plus the availability ofa wide continental shelf and bridging connection to mainland Australia, permitted refuges for species in most climates, humid or arid, warm or cold. Each climate soon established a stable vegetation, due to the persistence ofspecies but not communities, through change.
The length and intensity of the glacial-interglacial episodes differed, presumably due to interaction between the various components responsible for orbital forcing. Temperature and precipitation varied sufficiently to produce differing vegetation responses in both glacial and interglacial climates. Each period of rapidly changing climate produced equally rapid changes in vegetation, resulting in restructured plant communities. Based on analysis of pollen diagrams of the last four glacial cycles (350 k yrs) from the Darwin Crater (Colhoun & Van de Geer 1988 , 1998 , Colhoun 1989 , the estimated average response time ofthe vegetation to a full transition of the climate from glacial to interglacial conditions is about 2.7 k yrs; the response time of the (Nelson et al. 1986 ).
reverse change from interglacial to glacial is marginally shorter at about 2.5 k yrs. About 800/0 of the transition occurs in less than 20% of these full transition times, i.e. in 500-600 yrs. This would approximate two generations of dominant trees. The early periods almost certainly produced bursts of evolutionary activity, extinction of species and emergent new forms. The varied pattern of climate in Tasmania over the later Quaternary, as reflected in the vegetation, is illustrated by the pollen profile from the Darwin Crater in the Andrew River valley, western Tasmania (42°19'5, 145°39'E, 180 m a.s.l.). This crater was formed by a meteorite impact (Ford 1972) c. 700 ka (Gentner et al. 1973 , Fudali & Ford 1979 ). The subsequent lake has been infilled by sediment from surrounding forests (Colhoun & van de Geer 1988 , 1998 , Colhoun 1989 . The provisional summary of the upper 20 m of this core of 63 m depth (Colhoun & van de Geer 1998 ) is reproduced in figure 4A , where the pollen sums of the major categories of rainforest, trees and shrubs, and alpine shrubs and herbs are shown as a percentage of the total pollen sum. Aquatic and swamp taxa have been excluded from this sum. The sums were obtained from the analysis ofpollen in samples from 100 mm long consecutive sections of the core in depth. There are, unfortunately, four breaks in the core, one of which removes much of the evidence in the last interglacial. On the basis of the relative proportions of the major categories of the vegetation, Colhoun & van de Geer (1988) divided this 20 m section of the core into ten zones ofinferred climate corresponding to the oxygen isotope stages, showing five cold, dry and five warm, wet periods. The diagram illustrates the repeated pattern of forest expansion and contraction, typifying the major zones. It also demonstrates the variability within each major zone, as typified by the subzones defined by Colhoun & van de Geer (1998) .
A deep-sea sediment core taken on the Chatham Rise, 250 km off the east coast of the South Island of New Zealand (Site DSDP 594, at 45°31 '5, 174°56'E) at a comparable latitude to the Darwin Crater (42°5), has been analysed by Heusser & van de Geer (1994) . The pollen sum for the top 40 m of this core fortunately covers the same region of the oxygen-isotope scale and, thus, provides a comparison with that of the Darwin Crater.
The sediment on the Chatham Rise is predominantly from river transport and, therefore, the depths of core corresponding to the stages of the oxygen-isotope scale are quite different from those of the Darwin Crater. The New Zealand data are plotted in figure 4B on the same scale and using the same procedures as those used to develop figure 4A , except for the above differences in the length of the zone sediments. Figure 4A and B summarises the percentages of pollen of taxa forming open vegetation (grassland, sedgeland and heath) as distinct from closed forest taxa in the total pollen sums. Both cores have been divided into zones corresponding to the oxygen isotope stages, on the basis of the relative proportions of the major vegetation types of forest and open vegetation. The zones shown in figure 4A and B correspond to the stages of the isotopic oxygen deficiency established for the Chatham Rise site ( fig. 4C ; Nelson et al. 1986 ).
The correspondence in the Darwin Crater Core between palaeovegetation zones and isotopic oxygen deficit stages is shown in figure 4A . On this basis, the correspondence between the stages in the Darwin Crater core (A) and the The above observation can be analysed in detail returning to the earlier interpretation of the data, where stages correspond to the 5 18 0 stages illustrated in figure 4C (Colhoun & van de Geer1988, Colhoun 1989 . This is shown in figure 5A for the Chatham Rise core and figure 100.,------------. 100.,------------.
100,----------.
--<>---mean cold dry climates It should be emphasised that the hiatuses in the pollen record, which are due to gravel deposition in stages 3 and 4, weaken the strength of the above analysis and the value of the inferences flowing from it. It is possible that another coring of the crater might provide an uninterrupted pollen record.
Charcoal levels Colhoun & van de Geer (1988 , 1998 scored the number of grains ofcharcoal >20~insizeineachofthe 100 mmsample length of the Darwin Crater core. The mean for all samples in each ofthe 8 18 0 stages has been determined. This provides a comparative measure ofwildfire incidence between stages on a nominal scale.
The mean relative charcoal levels for stages in the Darwin Crater core are shown in figure 6A There is a trend in figure 6A for higher charcoal levels in glacial climates, levels in 8 18 0 stages 6 and 10 being particularly high. Conversely, there is a trend for lower levels in the warm, wet climates. This indicates that conditions drier than at present, as have been proposed for the Last Glaciation (Markgraf et ala 1986) , have been duplicated in past glacial episodes. The general level of charcoal throughout the core certainly shows that wildfire has always been a part of Tasmanian environment during the Late Pleistocene.
There does not appear to be any increased level ofcharcoal accompanying the increased levels ofopen vegetation during the Last Glacial cycle. This observation is verified statistically in table 2B, showing the t-test for the difference in the mean level of charcoal over stages 1-4 and the mean of earlier stages 5-10. No significant difference is indicated. However, the more or less average levels of charcoal in stages 1-4 cannot be construed to mean there was no increase in the level of fire during the period, since the amount ofwoody vegetation necessary to produce charcoal in the surrounding catchment was much reduced during the Last Glacial Cycle (38.5%) compared with 78.8% earlier.
This is demonstrated in figure 6B , where the mean level of charcoal relative to woody vegetation is plotted for the cold, dry and the warm, wet climates during the Last Glacial Cycle and compared with earlier cycles. Table 2C shows, by t-tests for the differences in means, that the increase in charcoal levels in the cold stages of the Last Glacial Cycle compared with previous cycles is highly significant. The corresponding increase in the warm, wet climates is also significant at P = 0.04.
DISCUSSION
As might be expected, the correspondence between the records of palaeovegetation from the Darwin Crater core (42°19'5) and from the Chatham Rise core (45°31'5) is very close (fig. 4A, B) . Each glacial episode produces a decrease in woody vegetation, especially rainforest species, and an increase in herbaceous vegetation and grassland to about 40-50% ofthe total. The shorter interglacial climate periods are marked by a preponderance of forest, with the open vegetation reduced to between 5 and 15% of the total. As figure 5A , B indicates, these proportionate levels of open vegetation relative to closed forest remain nearly constant in both warm, wet and cold, dry climates, except in the last glacial cycle of the Darwin Crater core.
Both the New Zealand and Tasmanian data demonstrate greater variation in the responses of the vegetation to the climates of both cold, dry and warm, wet periods during the last cycle as compared with the previous three cycles. A considerable part of this can be attributed to the lower amplitude and shorter periods of the isotope stages 3 and 4. This probably accounts for the intermediate responses of the vegetation during zones 3 and 4 of the New Zealand data in figure 5A compared with the longer and more extreme climates of the previous three cycles.
The data for zone 4 of the Darwin Crater core show a major change in the reverse direction to that of zone 4 of the New Zealand data. A massive decrease in the amount of the forest vegetation is indicated. This increase in the amount of open vegetation is maintained in the succeeding zones of 3, 2, and 1. This parallel shift in the mean values of open vegetation in both the cold, dry and warm, wet climates for the last cycle of the Darwin Crater is not present in the New Zealand data.
During the Last Glacial cycle the record of palaeovegetation in the Darwin Crater core shows a two-fold increase in the proportion of open vegetation in both the cold, dry and the warm, wet climates in comparison with levels in previous cycles ( fig. 5B, table 2A) . The proportion .of eucalypts relative to rainforest increases and the proportion of rainforest decreases ( fig. 4A ). The count of carbon particles relative to the amount ofwoody vegetation increases ( fig. 6B, table 2C ). The absence of a similar response in New Zealand vegetation infers that the changed responses of the vegetation in Tasmania are the result of increased levels of fire due to human activity.
The simultaneous increase in non-forest vegetation over the Last Glacial cycle in two quite different climates in Tasmania is suggestive of a cause other than climate and is entirely consistent with the response in vegetation which is expected to accompany the presence ofAborigines aackson 1968 , Bowman & Jackson 1981 , Jackson & Bowman 1982 . As detailed in the introduction, the Aborigines had well-established practices of fire management. They carried fire when on the move and used fire as a tool in hunting, in communication, in warfare and, above all, in controlling game populations by patch-burning vegetation to provide "green-pick" grazing conditions. These activities would produce marked increases in the openness of the vegetation by restricting closed forests and engendering pyrogenic fire tolerant vegetation with fine fuels and vegetative reproduction. We know from the anthropological evidence (Cosgrove 1995 , Cosgro0Ve et at. 1990 ) that the Aborigines occupied limestone valleys throughout western and southern Tasmania during the later periods of 8 18 0 stage 3 with 14C dating to 34 ka (Cosgrove 1995: fig. 16 ). The above palaeovegetation evidence suggests a considerably earlier date for the occupation ofTasmania by the Aborigines. This infers that the 14C dates obtained for the cave and rock-shelter sites are considerable underestimates. Such underestimation by the 14C methodology for palaeomaterial > 30 k yrs in western Tasmania is usual (Colhoun 1986 ) and is well recognised by Tasmanian palaeoworkers. The groundwater in western and southern Tasmania carries large amounts of humic and humus acids from the peaty surface soil. Such a supply of modern carbon, gradually exchanging with older carbon in buried material, causes these underestimates. It seems likely that Aboriginal occupation of Tasmania may have ocurred as early as 70 000 BP. This conclusion is supported by a variety of botanical evidence.
CONCLUSION -
